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SECTION 1 

SUMMARY 

Problems may still exist i n  the fabrication of Dovetail specimens. Although a good specimen 

has not been fabricated yet, i t  is important to note that the existing problems are those of 

processing, not basic design. Consequently, fabrication of a good specimen will be ensured 

by modifying manufacturing procedures. Hopefully, the latest change in  these procedures 

will result in a good specimen. 

All  tooling required to fabricated the large tool-formed dovetail logs is being received as 

scheduled. The last item to be received, the plastic formers for the assembly fixture, a r e  

in  the final stage of production and will  be received on schedule. 

Al l  temperature tests and high velocity tests have been completed. N o  problems were  en- 

countered; the material performed as expected at low and elevated temperatures. 

data reduction is sti l l  required for the high velocity tests, especially for the 500 fps tests. 

Additional 

Initial testing of a specimen fabricated with a glass fiber filled dip resin indicated no per- 

formance improvement. Conclusions must await further fabrication and testing of this 

design. 

Some thinned dip material specimens were received and tested which did not meet the prec ictel 

requirements. 

Meaningful1 data were obtained however. 

The material was  improperly processed, thereby degrading i ts  performance. 
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SECTION 2 

FABRICATION O F  DOVETAIL HONEYCOMB 

2 . 1  SMALL SPECIMENS 

As discussed in the last Quarterly Report, the formers used to assemble the Dovetail 

specimens were teflon-coated, precluding the use of a mold release agent. Contrary t n  

expectations, the first specimen formed using this method exhibited a very uneven dip resin 

coating, essentially similar to that of previous specimens, 

on cell walls was noted and voids existed in many areas. 

Poor distribution of dip resin 

To determine the cause of this condition, a full-scale investigation of the entire process 

was performed again. Such things as specimen position during the drain cycle, a i r  flow 

in the curing oven, time and temperatures of the process cycles, and examination of sol- 

vents used during the process were thoroughly investigated. An attempt to isolate the 

effects of these variables indicated very strongly that the problem resulted from using 

hlEK as a softening agent in the forming of the sheets. MEK was found to leach out a 

measurable amount of phenolic resin from the prepreg resin mixture in the cloth before 

forming the sheets. It was believed that the resulting resin coating on the cloth could very 

definitely adversely affect the adherence of the dip resin to the prepreg resin on the cloth. 

To eliminate this problem, the process was altered to eliminate the use of MER. Because 

this new process was developed by Honeycomb Products, the process will not be mentioned 

in this report. Specimens a r e  now being prepared using this new process. With this 

process, definite improvement in the configuration of individual sheets at the bend radii 

has been achieved, but the final decision concerning merits of the process must await the 

fabrication and testing of a complete specimen. 

2.2 TOOLING FOR LARGE SPECIMENS (LOGS) 

With the exception of the plastic formers, used in the assembly of the individual sheets, 

all tooling required to fabricate the large logs has been received. The plastic formers a r e  
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being manufactured as scheduled, and will be available during the first part of February, 

1967. To alleviate potential problems of the sheets sticking to the metal formers used 

with the sheet forming tools, the formers were coated with teflon. Successful usage of this 

tooling has been demonstrated in a trial run. I 
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SECTION 3 

THINNED DIP SPECIMENS - QUALITY CONTROL 

3.1 DISCUSSION 

For  the first time since the beginning of the program, a quality control problem has arisen. 

The second order of thinned dip specimens purchased were considerably weaker than (1) 

those previously procurred, and (2) similar specimens incorporating the improved bond. 

Investigation has indicated this condition probably resulted from the vendor erroneously 

using a special curing cycle on the log material, thus imparting different properties to the 

material than desired. This special cure cycle is used by the vendor for another customer. 

The difference in th i s  material was not noticed until after the completion of the dynamic 

testing when the static tests were  performed. At this time, the values obtained were ob- 

served to be lower than those obtained previously in tests B-3-g, h, and i, (see Quarterly 

Progress  Report No. 3). 

Fortunately, the only tests affected by this material were those in Task B-5-i. As indicated 

in Section 4, even though the crushing value of the thinned dip material was approximately 

20 percent lower than expected, the relationships between static and drop tests results for 

the thinned dip and the thinned dip plus improved bond materials are essentially the same. 

Based on this finding, future static tests will be performed on at least three specimens 

obtained from a particular log to ensure that the basic log material meets required standarda 

A record should and will be kept indicating from what log a particular specimen was  obtained, 

and this check will be performed before using the material. 
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SECTION 4 

TESTING 

4.1 FILLED RESIN - STATIC TEST 

One test, No. A-1-iva, was performed on a specimen which was fabricated using a 1/32- 

inch glass fiber additive in the dip resin. Specimen behavior during crushing was cxtremc- 

ly  orderly, and only a fine powder residue was  formed. 

crushing however, a relatively low value of specific energy was observed (see Table 4-1). 

Two additional specimens of this type are being fabricated and will  be tested in the next 

reporting period. 

Despite orderliness of the 

4.2 TEMPERATURE TESTS - DROP TESTS 

4.2.1 TEST PROCEDURE 

Drop tests were performed at an initial velocity of 45 fps .  A l l  specimens had dimensions 

of 4 in. (length) x 3.5 in x 3.5 in. After weighing and prefailingthe specimens were bonded 

to a rigid and hardened steel fixture with an epoxy adhesive. The assembly was covered 

with a sheet of clear PVC film having a thickness of 0.004 in. and edges were  sealed with 

a plastic sealing putty. This scheme permitted evacuation of the internal air from within 

the cells of the specimen. Evacuation was performed by means of a Duo-Seal Vacuum 

pump manufactured by the W. M. Welch Manufacturing Company, Chicago, Illinois. The 

specimens were evacuated to prevent the buildup of excessive internal pressures in the 

specimens during the latter crushing stages. 

Specimens were tested at three temperatures: namely, room temperature, -100'F and 

+200°F. Specimens, except those tested at room temperature, were brought to the specified 

temperatures by heating o r  cooling them in a Model SLHU-0.5-LC oven produced by Asso- 

ciated Testing Laboratories, Inc., Wayne, New Jersey. This oven has a 0.5 cubic foot 

chamber and a temperature range from -100 F t o  +425'F. Specimens were continually 

evacuated throughout the heating and cooling processes with a plastic tube which connected 

the specimen while in the oven to the vacuum pump. When the oven temperature indication 

0 
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remained steady for approximately one-half hour, the specimen was withdrawn from the 

oven and inserted into the base fixture in the drop testing machine as shown in Figure 4-1. 

Because of the previous completion of all  other test arrangements, the experiment was 

performed shortly thereafter, invariably within 4 minutes of removal from the oven. The 

time interval between impact and removal of the specimen from the oven was noted, and the 

temperature of the specimen at the time of impact determined from temperature-time cali- 

bration curves previously obtained for the specific test environments. 

The accelerometer records were obtained using an Endevco Model No. 2225 shock unit 

whose output was filtered at a low pass frequency of 1 KHz and recorded via an oscilloscope 

and magnetic tape recorder on Polaroid film, 

4 . 2 . 2  TEST RESULTS 

Test  results are tabulated in Table 4-1. In Table 4-2, 0 is the axial stress corresponding 

to the average value of deceleration as obtained by integrating the entire acceleration his- 

tory. Because the latter includes the rebound momentum, 5 values are lower than the 

average during the deceleration stroke itself. Because the rebound energy is never more 

than two percent of the initial energy, 0 is useful as a lower bound value of the overall 

crushing response. As an indication of an upper bound potential of the material, values of 

0 have been given. 0 is the peak value of the smoothed deceleration history and represents 
P P 
what the material would sustain throughout the stroke if  its strength were homogeneous 

throughout the volume. 

- - 

Actual accelerometer records are shown in the Appendix. Photographs of specimens before 

and after testing are not shown for all cases to avoid unnecessary duplication. Specimen 

appearance after all tests was remarkably similar except for stroke variations. A f t e r  the 

tests, the impacted surface of the specimens was  extremely clean and free of debris. The 

debris of crushed material was almost entirely contained at the bottom of the cells. 

7 
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? 

Drop Test Apparatus Showing Specimen Mounted 
and Oven in Location 

Mounted Specimen Showing Plastic Vacuum Cover and Tube 

Figure 4-1. Drop Test Fixtures 
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Table 4-1. Test Results 

Description 

specific 
Energy 
x Stroke 
EIIic imcy 

(ld ft-lb/lb) 

14.7 

Stress 
to  

Density 
Ratio 

(106 in.) 

0.210 

0.199 

0.161 

0.339 

0.423 

0.300 
0.292 
0.290 
0.283 

0.239 
0.248 

0.372 
0.380 
0.438 

0.680 
0.213 
0.506 

0.324 
0.238 
0.244 
0.250 

0.234 
0.229 
0.236 
0.228 

0.246 
0.229 
0.240 
0.222 

Principal 
Steady state 

St ress  Density 

1250 10.4 

1560 13.7 
Shear Failure 

G r w r  
specific 
h e w  

(lo3 It-lb/lb) 

17.6 

16.7 

stroke 
EfHciency 
(percent) 

83 

67 

72 
73 
72 
75 

Tes t  

1/32 Inch Fiber Filled Resin A-1-iva static 

static 
Btatic 
static 

45 
45 
45 

468 
4 29 
423 

14 pcf Thin Dip 
(Second Vendor Order) 

"Drop Tests" 

"Static Tests" 

B-5-ia 
B-5-ib 
B-5-ic 

B-5-id 
B-5-ie 
B-5-if 

B-5-ig 
B-5-ih 
B-5-ij 

11.2 - 
Shear F 

1187 
1075 
1209 

2600 
800 

3200 

we 

12.9 
13.1 
13.0 

13.4 
13.3 
13.2 

13.6 
13.3 
19.5 
13.5 

12.8 
12.9 

13.9 
13.1 
13.3 

13.2 
13.6 
13.1 

13.3 
11.9 
13.4 

28.4 

35.5 

'"High Velocity Tests" 

'* B- 5-iia 
'*B-5-iib 
"B-5-iic 

B-5-iid 

B-5-lie 
B-5-iif 

B-5-iig 
B-5-iih 
B-5-iij 

B-5-iik 
B - 5 4 1  
B-5-iim 

2360 
2250 
2270 
2190 

1752 
1835 

2840 
2860 
3340 

5150 
1660 
3800 

18.0 
17.8 
17.4 
17.8 

static 
Static 
static 
static 

45 
45 

262 
255 
258 

462 
468 
398 

14 pcf Thinned Dip 
+ Improved Bend 
"Static Tests" 

25.0 
24.4 
24.2 
23.8 

20.0 
20.9 

31.2 
31.9 
36.8 

57.1 
17.9 
42.5 

27.2 
20.0 
20.5 
21.0 

"Drop Tests" 

"High Velocity Tests" 

14 pcf Thinned Dip 
+ Improved Bond 
(Sterilized) 
"Drop Tests" 
Temp. = 700F 

Temp. = -100'F 

c-1-1 
C-1 -m 
C-1-n 
c-1-0 

c- I -P  
c - l -q  
c-1 -r 
c- 1-8 

C-1-t 
c - I - u  
c-1-v 
c-1-w 

2406 
1816 
1767 
1844 

1725 
1656 
1733 
1167 

1861 
1102 
1831 
1605 

13.0 
13.3 
12.8 
12.9 

12.9 
12.6 
12.8 
13.5 

13.2 
13.0 
13.3 
12.6 

45 
45 
45 
45 

45 
45 
45 
45 

45 
45 
45 
45 

19.7 
19.2 
19.8 
19.2 

20.6 
19.2 
20.2 
18.6 

Temp. = +210°F 

*Previously reported in Quarterly Report No. 5 a s  Tes ts  B-5-a. b, and C. 

**Previously reported in  Quarterly Report No. 4 a8 Tes ts  B-5-a. b. and C. 
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Table 4-2. Average Versus  Nominal Strain 

0 (psi) 

996 

9 87 

1038 

1464 

1463 

1661 

1510 

1438 

1498 

1430 

1373 

1426 

1472 

1479 

1394 

1201 

1360 

Test No. 
- 

B-5-id 

e 

f 

1187 

1075 

1209 

1752 

1835 

24 06 

1816 

1787 

1844 

1725 

1656 

1733 

1767 

1861 

1702 

1831 

1605 

B-5-iie 

f 

C - l - e  

m 

n 

0 

c-l-p 

r 

S 

C-l-t 

U 

V 

W 

4.3 HIGH VELOCITY TESTS 

4.3.1 TEST PROCEDURE 

Measurement of specimen response was obtained by using an accelerometer mounted in the 

rigid specimen mount. The arrangement of a specimen on the mount is shown in Figure 4-2. 

As in all other dynamic tests conducted during this program, the plastic vacuum c w e r  is 

shown in place over the specimen. The evacuating tube through which the vacuum pump 

withdraws the intercellular air from the specimen can be seen at the right. In the same 

vicinity, the accelerometer cable can be seen. The accelerometer, an Endevco Model 
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Figure 4-2. High Velocity Assembly - 
Mount Assembly 

Figure 4-3. High Velocity Impact Chamber 
Showing Specimen in Place Before Impact 

No. 2225 shock instrument is mounted in a well at  the rear  of the mount. The mount itself 

is made up principally of two solid cylinders of aluminum alloy and constitutes a very rigid 

mass, with a weight of slightly over 53 pounds. Three sets of roller bearing rollers allow 

the entire mount to move axially with negligible friction. The specimen is shown in Fig- 

ure  4-3 installed in the massive protective housing in the impact chamber and protrudes 

a distance of 3 inches beyond the buffer assembly. The projectile enters the view from 

the lower left. 

4.3.2 TEST RESULTS 

Results obtained from the latest tests (Nos. 13 and 14) are shown listed with those obtained 

previously in Table 4-1. Actual records obtained from the tests a r e  shown in Figures 4-4 

and 4-5. These data verify the previous pulse characteristics obtained from all other 

accelerometer records of the current test series, that is, a relatively high magnitude 

initial pulse followed by much lower magnitude pulses. A highly dynamic specimen response 
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1 DIV. 

T 
4 1 DIV. 

TIME, 100 pSEC/bIV. --c 

Figure 4-4. Accelerometer Record - Test No. B-5iil (Vo = 468 fps)  

TIME, 200 pSEC/DIV. 

Figure 4-5. Accelerometer Record - Test No. Eb5iim (Vo = 376 
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appears to occur initially, having a peak value that varies directly with the impact velocity 

indicated by Region I in Figures 4-4 and 4-5. This is followed by a lower response that 

may be quasistatic as indicated by Region 11. During this second response phase, the 

specimen may crush steadily o r  break up catastrophically. The second portion of the 

records shown in Figures 4-4 and 4-5 indicate catastrophic and orderly secondary phases, 

respectively. If this interpretation is true, then the performance of specimens in Tests 

No. R-5-iih, j ,  k and m for which accelerometer data are available is orderly and hence 

high values of B and Ke are obtained. Conversely, the very low second phase response 

obtained from Test No. B-5-iil contributes to low average values. These interpretations 

must be considered tentative, and final assessment of the high speed dynamic response must 

await more extensive experimentation. 

To avoid confusion, we note that the regim beyond Region II is due to the direct impact of 

the projectile on the specimen mounting flxture, and is not a par t  of the test. We further 

note that the latter part of Region I1 in Figure 4-5 may include specimen bottoming response. 

This will be evaluated later and if so, the values of 

somewhat reduced. 

and Ke for Test No. B-5-iim may be 

4- 8 
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SECTION 5 

ACTUAL VS PLANNED MAN-HOUR UTILIZATION 

1 -  Figure 5-1 is a graph of actual versus planned man-hour utilization for the period of  the 

contract through January 31, 1967. 
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Figure 5-1. Actual vs  Planned Man-Hour Utilization 
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SECTION 6 

ANTICIPATED PROBLEMS 

I 1 .  There i s  still a possibility that the nonuniform coating prob-zm, which exist in 
fabricating the Dovetail specimens, may not yet be solved. 

2.  Because of time lost in investigating the Dovetail coating problem, there i s  a possibility 
that the end date of the contract will hav9 to be extended. 



SECTEN 7 

WORKEDPLANNEDFORNMTQUARTER 

1 -  The following work will be performed during the next quarter: 

Establish final procedure for fabricating Dovetail specimens. 

Complete fabrication of all Dovetail specimens. 

Complete curving investigation on all Dovetail specimens. 

Complete investigation of glass-filled dip resins. 

Prepare and issue final report for this program. 

7-1 
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APPENDIX 

TEST3 GRAPHS 



Page 

Test No . A-1-iva . 1/32-Inch Fiber Filled Resin . 14 pcf . . . . . . . .  A-1 

Test  No . B-5-ia . Thinned Dip . 14 pcf (Poor Material) 

Test No . B-5-ib . Thinned Dip . 14 pcf (Poor Material) 

Test N o  . B-5-ic . Thinned Dip . 14 pcf (Poor Material) 

. . . . . . . .  A-2 

. . . . . . . .  A-3 

. . . . . . . .  A-4 

TestIVo . B-5-id . . . . . . . . . . . . . . . . . . . . . .  A-5 

Test N o  . B-5-ie . . . . . . . . . . . . . . . . . . . . . .  A-5 

TestNo . B-5-if . . . . . . . . . . . . . . . . . . . . . .  A-6 

Test  No . B-5-iid . Thinned Dip Plus Improved Bond . 14 pcf . . . . . . .  A-6 

Tes tNo . B-5-iie . . . . . . . . . . . . . . . . . . . . . .  A-7 

Tes tNo . B-5-iif . . . . . . . . . . . . . . . . . . . . . .  A-7 

Test No . C-1-1 . . . . . . . . . . . . . . . . . . . . . .  A-8 

Test No . C-1-m 

Test N o  . C-1-n 

Test No . (2-1-0 

Test No . C-1-p 

Test  N o  . C-1-q 

Test No . C-1-r 

Test No . C-1-s 

Test N o  . C-1-t . 
Test No . C-1-u 

Test No . C-1-v 

Test No . C-1-w 

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . .  

A- 8 
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